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[57] ABSTRACT

A method for producing a highly dispersed catalyst
comprising mixing a cross linking agent with a polymer
in a solvent to cross-link the polymer, applying the
cross-linked mixed liquid to a carrier, drying the carrier
to remove the solvent and to form a polymer film over
the surface of the carrier, impregnating the polymer
film with a metallic complex compound solution to
connect the complex compound to a reactive functional
group of the polymer film, and reducing the complex
compound of the polymer film, thereby obtaining the
highly dispersed catalyst having superior catalytic
properties and superior catalytic efficiency.

9 Claims, No Drawings
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METHOD FOR PRODUCING HIGHLY
DISPERSED CATALYST

BACKGROUND OF THE INVENTION

The present invention relates to a method for produc-
ing a highly dispersed catalyst for use in a variety of
technical fields such as organic synthesis, hydrogena-

tion, oxdation, reduction, a fuel cell, electrolysis and so

_ forth.

For producing a catalyst in a conventional manner,
there are two typical methods such as a direct reducing
method and a colloidal method.

In the direct reducing method, a salt of an objective

 metal is dissolved in a solution and a carrier is immersed

in this solution. Then, a reducing agent such as formalin
and hydrazine is added to the solution to deposit a me-
tallic cluster. In this method, it is impossible to obtain a
carried catalyst having the clusters of the unifcrm size,
for instance, less than 30 A. -

In the colloidal method, the uniform minute clusters
can be obtained, but in a method:using a reducing agent
such as sodium hydrosulfite (Na;S204) and sodium
bisuifite (NaHSO3), the sulfur in the reducing agent is
mixed in the obtained catalyst, which brings about dis-
advantages in many catalytic reactions. In order to
remove the mixed sulfur from the catalyst, particular

equipment as well as time is required. Accordingly, the

'operational efficiency for producing the catalyst is bad.
- On the other hand, in a method adding polyvinyl alco-
hol as a protecting agent for the colloid before an alco-
holic reduction, it is very difficult to remove a great

~deal of the added polyvinyl alcohol after the reduction.

When the solution is heated in order to remove the

polyvinyl alcohol, the clusters grow and the cluster size
18 enlarged.

~ In another conventional method, a charge-transfer

polyvinyl acetate polymer film is impregnated with a
metallic ion and then the metal is deposited. In this case,
~ the size of the obtained clusters is large, such as several
hundreds A, and the properties of the catalyst are poor

due to the velocity control of the mass transfer in the
film. | | |

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a method for producing a highly dispersed
catalyst of which ultraminute metallic particles are
supported in high dispersion by a carrier, free from the
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mer substance, and reducing the complex compoun

connected to the high polymer substance. |
Other and further objects, features and advantages of

the invention will appear more fully from the following

description with reference to the preferred embodiment
thereof.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In a method for producing a highly dispersed catalyst
according to the present invention, a high polymer
substance having a reactive functional group in its mo-
lecular chain is a high polymer substance which can be
cross-linked by,a cross linking agent, such as polyethyl- -
ene imine [(—(CHj3);NH—),], polyacrylic acid and a
high polymer substance having a side chain. Such high
polymer substances are cross-linked by the cross linking
agent in order to form insoluble films of the high poly-
mer substances. A cross linking agent used in this

method is glutaraldehyde [(CH;)3(CHO),], glutaric

acid [(CH2)3(COOH),], adipic acid [(CH2)4(COOH),],

adipyl chloride [(CH2)4(COCl);], 1,6-dibromohexane

[(CH2)6Br2], hexamethylenediamine [(CH,)s(NH2)2],
adipamide [(CH2)4(CO)2(NH>)2], or the like. A solvent
for use in dissolving the high polymer substance is wa-
ter, an alcohol, acetone, chloroform, tetrahydrofuran or
other organic solvent. A carrier on which the cross-
linked high polymer substance solution is applied, is a

- conductive carrier for use in a fuel cell catalyst such as

30

carbon, a metallic carbide and a metal, and for use in a
general catalyst such as an oxide, a carbide and a nitride,
or a semiconductor and a high polymer film. Any solid

- carrier may be used irrespective of material.
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aforementioned defects and disadvantages of the prior

art, which is capable of readily and effectively produc-
ing a highly dispersed catalyst having superior catalytic
properties and superior catalytic efficiency.

- In accordance with one aspect of the invention, there
1s provided a method for producing a highly dispersed
catalyst comprising mixing a cross linking agent with a
‘high polymer substance having a reactive functional
group in its molecular chain in a solvent in order to
cross-link the high polymer substance with the cross
linking agent, applying the obtained mixed liquid to a
carrier, drying the carrier in order to remove the sol-
vent therefrom, to form a high polymer film of the high
polymer substance over the surface of the carrier, im-
pregnating the high polymer film with a metallic com-
plex compound in order to connect the complex com-
pound to the reactive functional group of the high poly-
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The amount of the high polymer substance to be used
depends on the specific surface area of the carrier and is
the amount covered by the high polymer substance
molecular film equivalent to 0.1-50 molecular layers,
preferably 1-10 molecular layers of the true surface area
of the carrier. The amount of the cross linking agent to
be used 1s at most 30 mol %, preferably 1-5 mol % with
reference to the reactive functional group of the high
polymer substance, for instance, the amine unit
(—NH-) of the polyethylene imine. |

The process for applying the mixture of the cross-
linked high polymer substance and the solvent to the
carrier is not restricted, and hence coating, impregna-
tion, immersion and other suitable processes may be
used for this step. This applied mixture of the cross-
linked high polymer substance and the solvent is dried
at an ambient temperature or by heating in order to
remove the solvent, thereby forming a high polymer
film over the carrier. By heating, the cross linking
bonds can be strengthened. |

Then, a metallic complex compound is applied in the
form of a solution to the obtained high polymer film of
the carrier in order to couple the complex compound to
the reactive functional group of the high polymer film.
This coupling is preferably an equilibrium adsorption,
that is, the exact quantities of coupling should be carried
out. For example, in a chloroplatinic acid solution of 50
ppm, the equilibrium adsorption is sufficiently attained
in four hours. The coupling is formed in the a pH range
1-13, preferably pH range of 5-10.

The complex compound of the solution is a complex
compound of a platinum group metal such as platinum,
palladium and ruthenium, a base:  metal, or both to
which the reactive functional group in the molecular
chain of the high polymer substance, for instance, the
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amine group (—NH-—) of the polyethylene imine, is
able to be coordinate-adsorbed. The excess complex
compound remaining in the high polymer film is prefer-
ably removed by washing with water, after the coupling
of the complex compound to the reactive functional
group of the high polymer film.

The reduction of the complex compound is carried
out by an electrolytic reducing process or a heating
reducing process in a hydrogen gas atmosphere. In
addition, a reducing process using formic acid, sodium
formate, formalin, methanol, hydrazine, sodium tet-
rahydroborate (NaBHg), citric acid, oxalic acid, or the
like, may be used. In these reducing processes, the heat-
ing reducing process in the hydrogen gas atmosphere is
most preferable, and the heating temperature is at least
150° C. In order to reduce the processing time, the
heating temperature may be at least 200° C. In case of a

conductive carrier having a low catalyst carrying rate

or a small specific surface area, the electrolytic reduc-
tion is readily conducted. For example, when reducing
at 0.05 volt with respect to a hydrogen electrode in a
one mol sulfuric acid solution, the reduction is com-
pletely attained within a few seconds.

S
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In the method according to the present invention, '

since the complex compounds are coupled to the reac-
tive functional groups which are equally distributed in
the high polymer film, the catalyst particles are carried
in a high dispersion by the carrier and consequently the
catalyst having high catalytic properties can be ob-
tained.

The metallic atoms produced in the oxide after the
reduction process may be oxidized to form superminute
oxide particles, as occasion demands. Further, after the
reducing process of the complex compound of the high
polymer substance, the carrier may be heated in order
to remove the high polymer film by decomposing the
same. |

EXAMPLE 1

Polyethylene imine which was prepared in a quantity
equivalent to 5 molecular layers covering over the en-
tire surface of a carrier hereinafter mentioned, was
mixed in waier to dissolve therein, and 3 mol % glutar-
aldehyde with respect to the amine unit (—NH—) of
the polyethylene imine was mixed into the solution to
cross-link the polyethylene imine to obtain a cross-
linked mixture solution. Then, the cross-linked mixture
solution was applied to a surface of a mirror surface
finish glassy carbon carrier having dimensions 0.8 mm
thick, 50 mm long and 50 mm wide, and then the carrier
was dried to form a high polymer film of the polyethyi-
ene imine over the surface of the carrier. Next, the dried
carrier was immersed in a chloroplatinic acid solution
of pH 4 for 4 hours in order to react the chloroplatinic
acid with the amine group of the polyethylene imine,
- thereby connecting the platinic chloride to the amine
group of the polyethylene imine by adsorption. Then,
after simply washing the surface of the carrier, the car-
rier was reduced 1n a hydrogen gas atmosphere at 150°
C. by heating to obtain a platinum catalyst of which the
platinum in the atomic state, carried by the glassy car-
bon, was dispersed in high dispersion.

The surface area of the obtained platinum catalyst
was measured by an electrochemical method such as a
voltammetry relating to a hydrogen adsorption/desorp-
tion, and the total amount of the deposited platinum was
obtained by a {luorescent X-ray analysis, with the result
of at least 200 m2/g of specific surface area of the plati-
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num catalyst and highly despersed platinum group min-
ute particles of at most 10 A particle size. By observing
the superminute platinum particles using a high resolu-
tion electron microscope, their existence (less than 10
A) could be barely confirmed. Further, when the activ-
ity per a true surface area unit of the obtained catalyst
was compared with that of a platinum plate electrode,
the two activities were quite the same in an oxygen
reducing reaction, but, as the carried density was low-
ered, the activity of the catalyst increased in a hydrogen
generating or an organic oxidation reaction of formic
acid, methanol or the like.

Then, the carrier was heated at 350° C. for 20 minutes
in the hydrogen atmosphere of a heating furnace in
order to remove the high polymer film by decomposing
the same, thereby obtaining a platinum catalyst having
platinum clusters of an average size of at most several
tens A, carried in a high dispersion by the carrier. An
inert gas atmosphere of nitrogen or argon gas iIn the
heating furnace may be used. The obtained platinum
particles were observed by a replica method using a
transmission type electron microscope, and a uniform
dispersion of the uniform particles having an average
particle size of 25 A was confirmed. Further, in a com-
parison test of activities per a true surface area unit
between the present platinum catalyst and the plaiinum
plate electrode, the activities of the glassy carbon elec-
trode carrying the highly dispersed platinum particles
prepared by the present method, were well coincident
with one another in the oxygen reduction, the hydrogen
oxidation and the hydrogen generating. |

It is readily understood from the above description
that according to the present method for producing a
highly dispersed catalyst, the highly dispersed catalyst
of which atoms or oxide molecules are dispersed in a
high dispersion over the carrier, having superior cata-
lytic properties and superior catalytic efficiency, may
be readily and effectively produced. Hence, conven-
tional methods for producing catalysts may be replaced
by the method according to the present invention.

Although the present invention has been described in
conjunction with its preferred embodiment, it is readily
understood that the invention is not limited by any of
the details of the description and that various changes
and modifications may be made by a person skilled in
the art without departing from the spirit and scope of
the present invention.

What is claimed is:

1. A method for producing a highly dispersed cata-
lyst, comprising:

mixing a cross linking agent with a polymer having a

reactive functional group in its molecular chain in
a solvent in order to cross-link the polymer with
the cross linking agent;

apply the mixture of cross-linked polymer and sol-

vent to a carrier;

drying the carrier in order to remove the solvent

therefrom, to form a polymer film of the polymer
over the surface of the carrier;

impregnating the polymer film with a metallic com-

plex compound solution in order in connect the
complex compound to the reactive functional
group of the polymer;

reducing the metallic complex compound connected

to the polymer to the corresponding catalyst metal
in a reducing atmosphere; and then heating the
carrier in order to remove the polymer film by

decomposition. |
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mer is selected from the group consisting of polyethyl-
“ene 1mine and polyacrylic acid. |
3. A method as defined in claim 1, wherein the cross

4,797,380
2. A method as defined in claim 1, wherein the poly- '

linking agent is selected from the group consisting of 5

glutaraldehyde, glutaric acid, adipic acid, adipyl chlo-

~ ride, l,6-dibromohexane, hexamethylenediamine and

adipamide.
- 4. A method as defined in claim 1, wherein the carrier

10

15

20

25

30

35

45

50

35

6

1 selected from the group consisting of carbon, metallic
carbides, metals, metal oxides, metal nitrides, semicon-
ductors and polymer membranes.

5. A method as defined in claim 1, wherein the reduc-
tion of the complex compound is conducted in a hydro-

gen gas atmosphere.
* % % % %
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